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WHAT IS CLAIMED IS: 



1. 



A metho I of determining a network performance metric in a network. 



wherein said network comprises a plurality of network elements and each one of said 
network elements is coi pled to at least one other of said network elements by at least 
one of a plurality of links, comprising: 

measuring a measured network performance metric between a first network 
element! and a second network element of a network element pair in a 
first set/of network element pairs, wherein 

said first network element and said second network element of said 

(network element pair in said first set of network element pairs 
J is included in said network elements, and 
said measured network performance metric is such that a computed 
network performance metric between a first network element 
and a second network element of said network elements can be 
computed using said measured network performance metric. 



2. The method of claim 1, wherein 

said cqmputed network performance metric can be computed between 
a first network element and a second network element of a 
network element pair in a second set of network element pairs 
using said measured network performance metric, and 
said first network element and said second network element of said 
network element pair in said second set of network element 
sairs is included in said network elements. 



3. The meihod of claim 2, further comprising: 
computing said computed network performance metric between said first 
network pement and said second network element of said network 
element pair in said second set of network element pairs, wherein 
said second set of network element pairs are included in said network 
elements, and 
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said first set of network element pairs is included in a second set of 



Lent pairs. 
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4. The method of claim 3, further comprising: 

identifying pairs of said neftwork elements as being in said second set of 

network element pairs; and 
identifying pairs of said network elements in said second set of network 

element pairs as being in said first set of network element pairs. 
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5. The method of claim 4, further comprising: 
generating a first matri?q using said second set of network element pairs, 
wherein 
each row in saic 
element 
said first matrix 
rows, 

said first set ofjnetwork element pairs contains independent network 
pairs in said second set of network element pairs, and 
independent pairs of network element corresponds to a 



elemen 
each one of sai i 



first matrix corresponds to a corresponding network 
Dair in said second set of network element pairs, 
comprises independent rows and non-independent 



one of said independent rows of said first matrix. 



1 6. The method of claim 5, wherein said measured network performance 

2 metric is measured between a first network element and a second network element of 

3 each network element pair in said first set of network element pairs. 
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7. The methodlof claim 5, said method further comprising: 
computing a numbqr, wherein said number is equal to a rank of said first 
matrix; 

determining if a fir£t said number of rows of said first matrix are independent; 
and 
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if said first said numbei/ of said rows of said first matrix are not independent, 
re-arranging said rows of said first matrix such that said first said 
number of said] rows of said first matrix are independent. 
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8. The method of claim 7, further comprising: 
identifying a maximal set of independent rows of said first matrix based on 
said number.. 
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9. The method/ of claim 7, wherein said rearranging further comprises: 
re-arranging said rairs of said network elements in said second set of network 
element p^rs such that said correspondence between each row of said 
first matrix and said corresponding network element pair in said second 
set of network element pairs is maintained. 
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10. The method of claim 9, wherein said forming said first set of network 
element pairs comprises 

copying a first said number of pairs of said network elements in said second 
set of network element pairs into said first set of network element 
pairs. 
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1 1 . The method of claim 5, wherein 

said network element pair in said second set of network element pairs is a 

remair ing network element pair in said second set of network element 
pairs, ind 

said remainin i network element pair corresponds to a non-independent row of 
said f rst matrix 



12. The 
network performancje 
network element of 

forming a se 



ijiethod of claim 6, wherein said computing said computed 
metric between said first network element and said second 
aid remaining network element pair comprises: 
ond matrix, wherein 



\ 
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each row of said second matrix corresponds to a corresponding one of 

said non-irpependent rows of said first matrix, and 
said each row of aaid second matrix is such that said corresponding one 
of said non-independent rows of said first matrix can be 
expressed in terms of said independent rows using said each 
row of saSd second matrix; 
organizing said measured network performance metrics into a vector; and 
computing said compuied network performance metric between said first 

network element and said second network element of said remaining 
network elemept pair by multiplying said vector by a row of said 
second matrix/corresponding to said remaining network element pair. 

13. The method off claim 6, wherein said computing said computed 
network performance metric/between said first network element and said second 
network element of said remaining network element pair comprises: 

creating a vector equivalent to said non-independent row of said first matrix by 
combining al plurality of said independent rows of said first matrix; and 
computing said computed network performance metric by combining a 

measured network performance metric of each network element pair of 
said first sot of network element pairs corresponding to one of said 
plurality or said independent rows of said first matrix. 



14. A method/ of determining a network performance metric in a network, 
wherein said network ccpiprises a plurality of network elements and each one of said 
network elements is coupled to at least one other of said network elements by at least 

:s, comprising: 

of said network elements as being in a first set of network 
; [pairs; 



one of a plurality of linl : 
identifying pairs 
element 



generating a firs t matrix from said first set of network element pairs, wherein 
each ro\y in said first matrix corresponds to a corresponding network 
dlement pair in said first set of network element pairs, and 
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said first matrix comprises independent rows and non-independent 
rows; 

forming a second set of network element pairs, wherein 

said second set of network element pairs contains independent network 

element pairs in said first set of network element pairs, and 
each one of said independent pairs of network element corresponds to a 
one of sain independent rows of said first matrix; 
measuring a measured network performance metric between a first network 

element and a second network element of each network element pair in 
said second set Jof network element pairs; and 
computing a computed network performance metric between a first network 

element and a second network element of a remaining network element 
pair in said firit set of network element pairs using at least one of said 
measured network performance metrics, wherein said remaining 
network elemjent pair corresponds to a non-independent row of said 
first matrix. 

15. The method fcf claim 14, wherein said first set of network element pairs 
a requirements set. 



1 16. The method of claim 15, wherein said second set of network element 

2 pairs is a measurements sit. 
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17. The metho 1 of claim 16, wherein each one of said network elements is 



a router. 



18. 



The methc 



d of claim 14, wherein said first matrix is a matrix F. 



computing a nun: 
matrix; 



19. The method of claim 14, said method further comprising: 



:>er ? wherein said number is equal to a rank of said first 
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determining if a first said nunjber of rows of said first matrix are independent; 
and 

if said first said number of siid rows of said first matrix are not independent, 
re-arranging said rows of said first matrix such that said first said 
number of said rows/of said first matrix are independent. 

20. The method of clairfi 19, further comprising: 

identifying a maximal set </f independent rows of said first matrix based on 
said number. 

21 . The method of claim 19, wherein said rearranging further comprises: 
re-arranging said pairs off said network elements in said first set of network 

element pairs sucp that said correspondence between each row of said 
first matrix and said corresponding network element pair in said first 
set of network element pairs is maintained. 



22. The method of ([laim 21, wherein said forming said second set of 
network element pairs comprises: 

copying a first said nui iber of pairs of said network elements in said first set 
of network eler lent pairs into said second set of network element pairs. 



2 3 . The method of 
network performance metric 



said each row 
of saic 



row of 



claim 14, wherein said computing said computed 
>etween said first network element and said second 
network element of said rem* ining network element pair comprises: 
forming a second malrix, wherein 

each row of si id second matrix corresponds to a corresponding one of 
said non-independent rows of said first matrix, and 

of said second matrix is such that said corresponding one 
non-independent rows of said first matrix can be 



expressed in terms of said independent rows using said each 



said second matrix; 



organizing said measipred network performance metrics into a vector; and 
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computing said computed network performance metric between said first 

network element and said second network element of said remaining 
network element pair by multiplying said vector by a row of said 
second matrix corresponding to said remaining network element pair. 



24. The method/ of claim 23, wherein said second matrix is a matrix A. 
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25. The method of claim 14, wherein said computing said computed 
network performance mettic between said first network element and said second 
network element of said remaining network element pair comprises: 

creating a vector equivalent to said non-independent row of said first matrix by 
combining a plurality of said independent rows of said first matrix; and 
computing said computed network performance metric by combining a 

measured network performance metric of each network element pair of 
said second set of network element pairs corresponding to one of said 
plurality of said independent rows of said first matrix. 



26. 
a router. 



The method of claim 14, wherein each one of said network elements is 



27. A combuter system comprising: 
a processor; 

a network interface, coupled to said processor and to a network, wherein said 
netwo] k comprises a plurality of network elements and each one of 
said network elements is coupled to at least one other of said network 
elements by at least one of a plurality of links; 
computer reac able medium coupled to said processor; and 
computer cod< encoded in said computer readable medium, configured to 
cause said processor to: 

identifjf pairs of said network elements as being in a first set of 
letwork element pairs; 
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35 



1/ 



generate a first matrix from said first set of network element pairs, 
wherein 

each row in said first matrix corresponds to a corresponding 

ietwork element pair in said first set of network element 
?airs ? and 

said firdt matrix comprises independent rows and non- 
lindependent rows; 
form a second) set of network element pairs, wherein 

said second set of network element pairs contains independent 
network element pairs in said first set of network 
element pairs, and 
eachjone of said independent pairs of network element 

corresponds to a one of said independent rows of said 
first matrix; 

measure a pleasured network performance metric between a first 
network element and a second network element of each 
network element pair in said second set of network element 
pairs; and 

compute a computed network performance metric between a first 

network element and a second network element of a remaining 
network element pair in said first set of network element pairs 
jsing at least one of said measured network performance 
letrics, wherein said remaining network element pair 
borresponds to a non-independent row of said first matrix. 



1 28. The cojnputer system of claim 27, wherein said first set of network 

2 element pairs is a reqi irements set. 



1 29. The 

2 element pairs is a me 



cofmputer system of claim 28, wherein said second set of network 
urements set. 
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30. The computer system of claim 29, wherein each one of said network 
elements is a router. I 

3 1 . The computer system of claim 27, wherein said first matrix is a matrix 

F. 

32. The computer system of claim 27, wherein said computer code is 
further configured to cause said processor to: 

compute a number, wherein said number is equal to a rank of said first matrix; 
determine if a first said number of rows of said first matrix are independent; 
and I 

if said first said number of said rows of said first matrix are not independent, 

re-arrange said rows of said first matrix such that said first said number 
of said rows (of said first matrix are independent. 

33. The computer system of claim 32, wherein said computer code is 
further configured to cause! said processor to: 

identify a maximal/set of independent rows of said first matrix based on said 
number. J 

34. The computer system of claim 32, wherein said computer code 
configured to cause said processor to re-arrange said rows of said first matrix such 
that said first said number of said rows of said first matrix are independent, if said first 
said number of said rows! of said first matrix are not independent, is further configured 
to cause said processor to: 

re-arrange said p lirs of said network elements in said first set of network 

element { airs such that said correspondence between each row of said 
first matrix and said corresponding network element pair in said first 
set of network element pairs is maintained. 

\ 
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35. The computer system of claim 34, wherein said computer code 
configured to cause said/processor to form said second set of network element pairs is 



configured to cause sail 
copy a first saic 
network 



1 processor to: 

number of pairs of said network elements in said first set of 
element pairs into said second set of network element pairs. 



36. The coAiputer system of claim 27, wherein said computer code 
configured to cause said processor to compute said computed network performance 
metric between said first network element and said second network element of said 
remaining network element pair is configured to cause said processor to: 
form a second matrix, wherein 

each r )w of said second matrix corresponds to a corresponding one of 

said non-independent rows of said first matrix, and 
said e^ch row of said second matrix is such that said corresponding one 
of said non-independent rows of said first matrix can be 
expressed in terms of said independent rows using said each 
row of said second matrix; 
organize said measured network performance metrics into a vector; and 
compute said computed network performance metric between said first 

netw Drk element and said second network element of said remaining 
network element pair by multiplying said vector by a row of said 
second matrix corresponding to said remaining network element pair. 



37. 

matrix A. 



The computer system of claim 36, wherein said second matrix is a 
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38. The computer system of claim 27, wherein said computer code 



configured to cause said 
metric between said first 



create a vector ec 
combining ; 



measurec 



rocessor to compute said computed network performance 
letwork element and said second network element of said 
remaining network element pair is further configured to configured to cause said 
processor to: 

livalent to said non-independent row of said first matrix by 
a plurality of said independent rows of said first matrix; and 



compute said cor lputed network performance metric by combining a 



network performance metric of each network element pair of 
said secofad set of network element pairs corresponding to one of said 
plurality/of said independent rows of said first matrix. 



39. The computer system of claim 27, wherein each one of said network 
elements is a router. 



40. A computer program product encoded in computer readable media, 
said computer program product comprising: 

a first set of instructions, executable on a computer system, configured to 
identify pairs of said network elements as being in a first set of 
netwonk element pairs, wherein 

said computer system is coupled to a network, wherein said network 
comprises a plurality of network elements and each one of said 
network elements is coupled to at least one other of said 
network elements by at least one of a plurality of links; 
a second set of instructions, executable on said computer system, configured to 
general e a first matrix from said first set of network element pairs, 
wherein 

each ro n in said first matrix corresponds to a corresponding network 

element pair in said first set of network element pairs, and 
said first matrix comprises independent rows and non-independent 



)ws; 
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a third set of instructions,/executable on said computer system, configured to 
form a second set/ of network element pairs, wherein 
said second set oJr network element pairs contains independent network 

element pairs in said first set of network element pairs, and 
each one of said independent pairs of network element corresponds to a 
one of said independent rows of said first matrix; 

a fourth set of instructions, executable on said computer system, configured to 
measure a measured network performance metric between a first 
network element and a second network element of each network 
element pair in said second set of network element pairs; and 

a fifth set of instructions, executable on said computer system, configured to 
compute a computed network performance metric between a first 
network element and a second network element of a remaining network 
element pair/in said first set of network element pairs using at least one 
of said measured network performance metrics, wherein said remaining 
network elgment pair corresponds to a non-independent row of said 
first matri> 



1 

2 
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41. The computer program product of claim 40, wherein said first set of 
network element pairs is/a requirements set. 



42. The computer 
network element pairs 



43. The corrjputer program product of claim 42, wherein each one of said 
network elements is a r 3uter. 



44. 

a matrix F. 



program product of claim 41, wherein said second set of 
a measurements set. 



The computer program product of claim 40, wherein said first matrix is 
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45. The computer program product of claim 44, further comprising: 

a sixth set of instruc tions, executable on said computer system, configured to 

compute a number, wherein said number is equal to a rank of said first 

matrix; 

a seventh set of instructions, executable on said computer system, configured 
to determine if a first said number of rows of said first matrix are 
independent; and 

an eighth set of instructions, executable on said computer system, configured 
to re-arranfee said rows of said first matrix such that said first said 



number 



said number of said rows of said first matrix are not independent. 



46. The 
a ninth set of 
identify 



said rows of said first matrix are independent, if said first 



computer program product of claim 45, further comprising: 
instructions, executable on said computer system, configured to 
maximal set of independent rows of said first matrix based 



on said n umber 

47. The conputer program product of claim 45, wherein said eighth set of 
instructions comprises: 

a first sub-set o ? instructions, executable on said computer system, configured 
to re-arrange said pairs of said network elements in said first set of 



network 



of said iirst matrix and said corresponding network element pair in said 



first set 



of network element pairs is maintained. 



-set 



element pairs such that said correspondence between each row 



48. The coqiputer program product of claim 47, wherein said third set of 
instructions comprises 
a second sub 

configured 



of instructions, executable on said computer system, 
to copy a first said number of pairs of said network 
elementjs in said first set of network element pairs into said second set 
of network element pairs. 
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49. The computet program product of claim 40, wherein said fifth set of 
instructions comprises: 

a first sub-set of ins ructions, executable on said computer system, configured 
to form a sec ond matrix, wherein 

each row of ;aid second matrix corresponds to a corresponding one of 

said r on-independent rows of said first matrix, and 
said each ro\ / of said second matrix is such that said corresponding one 
of said non-independent rows of said first matrix can be 
expr issed in terms of said independent rows using said each 
row of said second matrix; 
a second sub-set of instructions, executable on said computer system, 

configured o organize said measured network performance metrics 
into a vector; and 
an third sub-set of Instructions, executable on said computer system, 

configured [to compute said computed network performance metric 
between said first network element and said second network element of 
said remaining network element pair by multiplying said vector by a 
row of said second matrix corresponding to said remaining network 
element pafir. 



50. The computer program product of claim 49, wherein said second 
matrix is a matrix A. 

5 1 . The computer program product of claim 40, wherein said fifth set of 
instructions comprises: 

a first sub-set of instructions, executable on said computer system, configured 
to create a vector equivalent to said non-independent row of said first 
matrix by combining a plurality of said independent rows of said first 
matrix; and 

a second-subset of instructions, executable on said computer system, 

configurep to compute said computed network performance metric by 
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combining a measured network performance metric of each network 
element pair of saicy second set of network element pairs corresponding 
to one of said plurality of said independent rows of said first matrix. 



1 52. The computer program product of claim 40, wherein each one of said 

2 network elements is a router. 
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53. A computer system comprising: 
a network interface, cotroled to said processor and to a network, wherein said 
network comprises a plurality of network elements and each one of 
said network elements is coupled to at least one other of said network 
elements by at least one of a plurality of links; 
means for identifying pairs of said network elements as being in a first set of 

network eleme it pairs; 
means for generating a first matrix from said first set of network element pairs, 
wherein 

each row in said first matrix corresponds to a corresponding network 

element pair in said first set of network element pairs, and 
said first matrix comprises independent rows and non-independent 



rows; 

means for forming a 
said second s 



econd set of network elfement pairs, wherein 

t of network element pairs contains independent network 



eleme nt pairs in said first set of network element pairs, and 
each one of 4aid independent pairs of network element corresponds to a 
one of said independent rows of said first matrix; 

means for measuring a measured network performance metric between a first 
network eler lent and a second network element of each network 
element pair in said second set of network element pairs; and 

means for computing a computed network performance metric between a first 
network element and a second network element of a remaining network 
element pair in said first set of network element pairs using at least one 
of said measured network performance metrics, wherein said remaining 
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network element ^pair corresponds to a non-independent row of said 
first matrix. 
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54. The computer system of claim 53, further comprising: 
compute a number, wherein said number is equal to a rank of said first matrix; 
means for determining af a first said number of rows of said first matrix are 
independent; and 

means for re-arrangind said rows of said first matrix such that said first said 
number of said! rows of said first matrix are independent, if said first 
said number off said rows of said first matrix are not independent. 



1 55. The computer [system of claim 54, wherein said computer code is 

2 further configured to cause said processor to: 



3 means for identifying a maximal set of independent rows of said first matrix 



based on said/ number. 



1 

2 
3 
4 
5 
6 
7 
8 

1 

2 
3 
4 
5 



56. The computer system of claim 54, wherein said means for re-arranging 
said rows of said first matrix such that said first said number of said rows of said first 
matrix are independent, if iaid first said number of said rows of said first matrix are 
not independent, further comprises: 

means for re-arranging said pairs of said network elements in said first set of 
network element pairs such that said correspondence between each row 
of said first matrix and said corresponding network element pair in said 
first set of network element pairs is maintained. 



57. The comf 
second set of network el ;ment 

means for copyir 
first set o 
element pairs 



uter system of claim 56, wherein said means for forming said 

pairs further comprises: 
g a first said number of pairs of said network elements in said 
network element pairs into said second set of network 
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58. The computer system of claim 53, wherein said means for computing 
said computed network performance metric between said first network element and 
said second network element jof said remaining network element pair further 
comprises: 

means for forming ajbecond matrix, wherein 

each row of said second matrix corresponds to a corresponding one of 

said non-independent rows of said first matrix, and 
said each row of said second matrix is such that said corresponding one 
of gaid non-independent rows of said first matrix can be 
expressed in terms of said independent rows using said each 
row of said second matrix; 
means for organizing said measured network performance metrics into a 
vector; arid 

means for competing said computed network performance metric between said 
first network element and said second network element of said 
remaining network element pair by multiplying said vector by a row of 
said secjond matrix corresponding to said remaining network element 
pair. 



1 59. The cdmputer system of claim 53, wherein said means for computing 

2 said computed netwo k performance metric between said first network element and 

3 said second network element of said remaining network element pair further 

4 comprises: 

5 means for cn ating a vector equivalent to said non-independent row of said 

6 first i latrix by combining a plurality of said independent rows of said 

7 first matrix; and 

8 means for computing said computed network performance metric by 

9 comt ining a measured network performance metric of each network 

10 element pair of said second set of network element pairs corresponding 

11 to om of said plurality of said independent rows of said first matrix. 
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